production, the consensus seems to be that peak oil will occur before 2015 (Almeida & Silva, 2009) . If proponents of peak oil are correct and global oil production is soon going to peak, then what happens after the peak? The most likely scenario would be a lengthy adaptation phase during which energy efficiency is increased, short-term transitional energy sources are developed, and long-term sustainable energy sources are developed (Almeida & Silva, 2009 ). Peak oil brings higher oil prices and the revenues from higher oil prices can be used to support financing of renewable energy. Energy security issues refer to the fact that many of the largest oil consuming countries are net oil importers and that much of the world's proven oil reserves are located in just a few countries. In 2009, four countries, Saudi Arabia, Iran, Iraq, and Kuwait accounted for 46.3% of the world's 1.333 trillion barrels of proven oil reserves (BP, 2010) 2 3 .In addition to having to pay a hefty bill for imported oil, this makes oil importing countries vulnerable to oil supply disruptions (oil embargos, terrorist attacks, political unrest) and oil price shocks. In 2009, the four largest oil consuming countries (US (21.7%), China (10.4%), Japan (5.1%), and India (3.8%)) were all oil net importers 4 . The United States imports approximately 66% of the oil that it consumes and in 2009, imported 3.25 billion barrels of oil (BP, 2010) . At an average price of $61.92 per barrel for West Texas Intermediate crude oil, the total cost of US oil imports in 2009 was $201 billion dollars or $16.8 billion per month. Now suppose that at sometime in the near future, the US imports the same amount of oil, but the average price rises to $100 per barrel. In this case, the bill for oil imports would be $325 billion dollars or $27 billion per month. This is a lot of money to pay for imported oil, especially for a country that has a large trade deficit and an enormous federal budget deficit 5 6 . Looking to the future, the 2009 US bill for imported oil is likely a minimum value because for the first six months of 2009 the US was in the worst economic downturn since the Great Depression of the 1930s. As the US economy recovers from the 2008-2009 recession oil demand and oil imports will surely rise. As a result of these developments on climate change, resource depletion, and energy security it would be useful for policy makers to have an idea of how renewable energy consumption, income, oil consumption, and oil prices interact at the global level. The purpose of this paper is to develop and estimate a vector autoregression (VAR) model to investigate the dynamic interactions between these variables for the global economy. The model is used to analyze short-term dynamics and to make forecasts into the future until the year 2030. One of the advantages of conducting the analysis at the global economy level is that the results of this paper can then be compared with some of the results from international organizations like the International Energy Agency who makes forecasts of oil consumption and energy usage to 2030.
Literature review
To date there have been several published papers looking at the relationship between renewable energy consumption and various macroeconomic variables (like income, oil prices, capital, labour) at the country or regional level (see for example, Apergis & Payne, 2010a , 2010b , 2011 Chang et al., Lee, 2009; Chien & Hu, 2007 Marques et al., 2010; Menyah & Wolde-Rufael, 2010; Sadorsky, 2009a Sadorsky, , 2009b 7 . The consensus from most of this research is that increases in income are a major driver behind increased renewable energy consumption. Chien and Hu (2007) use data envelope analysis to analyze the effects of renewable energy on the technical efficiency of 45 economies over the period [2001] [2002] . They find that increasing the use of renewable energy improves an economy's technical efficiency while increasing the use of traditional energy (fossil fuel) decreases technical efficiency. Chien and Hu (2008) Sadorsky (2009a) uses vector autoregression techniques to analyze the relationship between renewable energy consumption, income, oil prices and CO2 emissions in the Group of 7 (G7) economies over the period 1980-2005. In the long-term, increases in real GDP per capita and carbon dioxide emissions per capita are found to be major drivers behind increases in G7 renewable energy consumption per capita. Sadorsky (2009b) uses panel cointegration techniques to investigate the relationship between renewable energy consumption and GDP for a sample of 18 emerging economies followed over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . In the long-term, increases in real GDP per capita are found to be a major driver behind increases in renewable energy consumption per capita for emerging economies. No short-term evidence of statistically significant Granger causality is found between GDP and renewable energy consumption. Chang et al. (2009) use threshold econometric techniques to investigate the relationship between economic growth and renewable energy supply for OECD member countries over the period 1997 to 2006. The threshold approach allows for a distinction on how renewable energy supply depends upon different economic growth regimes (like high or low). They find that countries characterized by high economic growth are able to respond to high energy prices with increases in renewable energy. Countries with low economic growth tend to be relatively non-responsive to energy price changes. Apergis and Payne (2010a) use panel cointegration techniques to examine the relationship between renewable energy consumption and economic growth for a panel of 20 OECD countries over the period . The theoretical framework uses an aggregate production function relating output to labour, capital, and renewable energy. They find evidence of bidirectional causality between renewable energy consumption and economic growth in both the short-run and the long-run. Apergis and Payne (2010b) use panel cointegration techniques to examine the relationship between renewable energy consumption and economic growth for a panel of 13 Eurasia countries over the period 1992-2007. As in Apergis and Payne (2010a) the theoretical model is based upon an aggregate production function which relates capital, labour, and renewable energy to output. They find empirical support for a feedback relationship between renewable energy consumption and output. Marques et al. (2010) uses panel regression techniques to investigate the relationship between renewable energy consumption, political factors, socioeconomic factors, and country specific factors for a panel of 24 European counties covering the period 1990-2006. They find that lobby efforts from the fossil fuel sector, and CO2 emissions reduce renewable energy consumption, while reducing energy self sufficiency promotes renewable energy consumption. Menyah and Wolde-Rufael (2010) use vector autoregression techniques to study the relationship between carbon dioxide emissions, renewable energy consumption, nuclear consumption and real GDP for the US over the period . They find causality running from nuclear energy consumption to CO2 emissions but no causality running from renewable energy consumption to CO2 emissions. There is evidence of causality running from GDP to renewable energy. Apergis and Payne (2011) 
Empirical model
A vector autoregression (VAR) is used to empirically investigate the relationship between renewable energy consumption, income, oil consumption, and oil prices. One of the advantages of using a VAR is that the researcher does not need to provide prior assumptions about which variables are response variables and which variables are explanatory variables because in a VAR all variables are treated as endogenous. This means that in a VAR, each variable depends upon the lagged values of all the variables in the system. This allows for a much richer data structure that can capture complex dynamic properties in the data (Brooks, 2002) . A vector autoregression can be written in the following way. 
In the above equation, the variable y is a n vector of endogenous variables, B 0 is a n vector of constants, and B j is a nxn matrix of regression coefficients to be estimated. The error term, u, is assumed to be independent and identically distributed. The VAR is estimated using annual data on global renewable energy consumption, income (GDP), oil consumption and oil prices from 1980 to 2008. The time frame is determined by data availability on renewable energy consumption. In estimating the VAR, all variables are expressed in natural logarithms in order to reduce heteroskedasticity. A linear time trend is included in the estimation of the VAR. The estimated coefficients from a VAR are of little use by themselves and it is usual to use impulse response functions to investigate the dynamic interaction between variables in a VAR. Analysis proceeds by estimating the model and using impulse response functions to investigate the dynamic interaction between the variables. The outcome of this analysis can then be used to provide forecasts and make policy recommendations. Table 2 . Correlations for variables measured in growth rates Table 2 reports ordinary correlation coefficients. Renewable energy consumption correlates positively with real oil prices and negatively with each of the other two data series. The highest correlation is between real GDP and oil consumption (0.734).
Empirical results
In estimating the VAR, all variables are expressed in natural logarithms. A linear time trend is included in the estimation of the VAR. The lag length, p, of the VAR is chosen using the approach of Toda and Yamamoto (1995) . Their approach to modeling is to estimate the VAR www.intechopen.com in levels and use a conventional lag length selection criteria like AIC or SIC to select the lag length and then to add an extra lag for the possibility that some or all of the variables contain unit roots. The Toda and Yamamoto (1995) approach does not require pre-testing for cointegration between the variables and can accommodate VAR models where some variables have unit roots and some variables are stationary. For the renewable energy consumption, income, oil consumption, and oil price VAR model, the SIC selects a lag length of one. Adding one extra lag length for the possibility that some or all of the variables contain a unit root establishes a VAR with p=2 11 . Since impulse response functions are used to interpret the results, some care must be taken to ensure that the VAR is stable because, strictly, speaking, impulse response functions are only valid if the VAR is stable (Lutkepohl, 2005) . If the modulus of each eigenvalue of the matrix B is strictly less than one the estimated VAR is stable. Figure 2 shows the inverse roots of the AR characteristic polynomial are each less than unity, which satisfies the stability condition. Inverse Roots of AR Characteristic Polynomial Response of LOILCONSUMPT ION to LOILCONSUMPT ION Response to Generalized One S.D. Innov ations ± 2 S.E.
Fig. 3. Impulse response functions
A one standard deviation shock to income has a positive and statistically significant impact on renewable energy consumption for four years. This result is important in establishing that global consumption of renewable energy increases with increases in global income. A one standard deviation shock to oil consumption has a positive and statistically significant impact on renewable energy consumption for three years. This result is consistent with the pattern of global energy consumption over the period 1980-2008. As global energy consumption has risen specific sectors like oil and renewable have grown and so we expect to see a relationship between oil consumption and renewable energy consumption (Table 1) . These results are important in establishing that increases in income and oil consumption are each important drivers of increased renewable energy consumption. A one standard deviation shock to real oil prices has a positive and statistically significant impact on income in the first year of the shock. A one standard deviation shock to oil consumption has a positive and statistically significant impact on income for two and a half years. This result is important in establishing that increases in oil consumption leads to increase economic growth. This makes sense when one thinks about the production side of the economy. Energy is an essential input into the production of most goods and services and increasing the factor s of production like capital, labour and energy increases output. A one standard deviation shock to income increases real oil prices over the first two years and this result is marginally statistically significant. In year two, real oil prices respond in a positive and statistically significant way to a one standard deviation shock to oil consumption.
A one standard deviation shock to income has a positive and statistically significant impact on oil consumption for years one and two. This result is important in establishing that higher economic growth leads to greater oil consumption. Oil consumption does not respond to shocks to real oil prices in a statistically significant way. Figure 4 reports accumulated impulse response function. Whereas Figure 3 traces out the effects of a shock across time, Figure 4 reports the accumulated effect of a shock across time.
The accumulated response of renewable energy consumption to a shock to income is positive and statistically significant for 6 years. The accumulated response of renewable energy consumption to a shock to oil consumption is positive and statistically significant for 5 years. The accumulated response of real oil prices to a shock to oil consumption is positive and statistically significant for 3 years. The accumulated impulse response functions in Figure 4 also more clearly show the feedback relationship between income and oil consumption. The accumulated response of income to a shock to oil consumption is positive and statistically significant for 4 years. The accumulated response of oil consumption to a shock to income is positive and statistically significant for 4 years. 
Forecasts
The VAR model can also be used to construct out-of-sample dynamic forecasts over the period . Two sets of forecasts are presented, dynamic and stochastic. In constructing dynamic forecasts, historical data for lagged endogenous variables are used if they are dated prior to the first period of forecasting. After words, forecasts from previous www.intechopen.com periods are used as lagged endogenous variables. For the dynamic forecasts, the error terms in equation (1) Figure 6 along with plus and minus two standard error bands. Oil consumption and real GDP are each estimated fairly precisely as shown by the tightness of the error bands. In 2030 global oil consumption is forecast at 117 million barrels per day and the 95% confidence interval ranges from 114 million barrels per day to 120 million barrels per day. Renewable energy consumption is reasonably well estimated. In 2030, renewable energy consumption is forecast at 3.4 trillion KW-H with a 95% confidence interval ranging from 2.6 trillion KW-H to 4.4 trillion KW-H. The greatest uncertainty is associated with the forecasts of real oil prices. In 2030 real oil prices are forecast at $247 per barrel with a 95% confidence interval that ranges from $118 per barrel to $516 per barrel. This wide confidence interval puts nominal oil prices in 2030 between $263 per barrel and $1149 per barrel.
13 A higher number of replications increases precision but for this particular model there is not much difference in the forecasts calculated from 10,000 replications compared to those calculated from 5,000 replications. 14 The IEA forecasts do change from year to year depending upon global economic conditions. IEA A few comments are in order regarding the assumptions under which the forecasts were made. The forecasts are made under the assumptions of no major energy policy or environmental policy changes that would dramatically reduce the consumption of oil and fossil fuel sources in favour of more renewable energy. In other words, the assumption is made that no major global climate change treaty, like a successor to Kyoto, is signed and ratified that creates a big reduction in the usage of fossil fuels. The forecasts also assume that peak oil will not result in severe shortages of oil such that the oil consumption forecasts cannot be met. By comparison, the International Energy Agency (2010) predicts that a combination of factors including slowing global economic growth, rising oil prices, increased usage of renewable, and concerns about peak oil (mostly realized through rising oil prices) will limit global oil consumption to 100 million barrels of oil per day in 2035.
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Policy implications
The results from impulse response functions show that positive shocks to income increase renewable energy consumption. This is an important result showing that increasing global GDP will increase the consumption of renewable energy. This means that economic policies that speed economic growth and development will lead to increases in renewable energy consumption. Rising incomes lead to more disposable income and individuals with higher incomes have more concern for the environment which increases the usage of renewable energy. From a policy perspective, government policy at the national and international level aimed at increasing income is good for increasing renewable energy consumption. Government policies that can increase income and wealth generation include stable and well designed monetary and fiscal policy, well functioning labour markets, policies that focus on increasing innovation and productivity, and an economic landscape free of corruption and rent seeking. While these policies need to be enacted at the national level, international organizations like the IMF, World Bank, and United Nations need to promote the benefits of sound economic and environmental policies to their member countries.
The results from impulse response functions show that positive shocks to oil consumption increase renewable energy consumption. The relationship between renewable energy consumption and oil consumption is of less interest because as global energy consumption grows so too do the individual energy sector components like oil and renewables.
The results from impulse response functions show that positive shocks to real oil prices have very little impact on renewable energy consumption. This result is somewhat counter intuitive to what is often presented in the popular media. Media stories often point to higher oil prices as a primary driver behind the expansion of the renewable energy business and increases in renewable energy consumption. This view is also supported by economic theory. Rising oil price should create incentives to substitute away from expensive fossil fuels towards alternatives like renewable. Over the period which the VAR was estimated real oil prices were not continuously rising but instead resembled more of a U shape. In fact, over the estimation period, the highest recorded real oil prices were in 1980. The rather weak relationship between oil prices and renewable energy has been noted by others. In a somewhat different context, Henriques and Sadorsky (2008) and Sadorsky (2010) have looked at the impact of oil prices on the stock prices of clean energy companies. Henriques and Sadorsky (2008) find that the stock prices of clean energy companies are more responsive to changes in technology then to changes in oil prices. In a slightly different context, investigating the relationship between risk factors and clean energy stock prices, Sadorsky (2010) finds that company sales growth has a negative impact on company risk (CAPM beta) while oil price increases have a positive impact on company risk. Looking into the future, it is expected that if real oil prices rise by enough, then a substitution effect from oil to renewable energy will follow. The uncertainty is that it is not clear just how high oil prices will have to rise in real terms to create a significant substitution effect. As Figure 1 shows, real oil prices in 2008 were just half of their value in 1980. In a world of rapidly rising oil prices, government policy can play a role in speeding up the substitution from oil to renewable energy. What if issues like climate change, resource security, or resource depletion become major constraining factors, and that it is not possible to secure 117 million barrels of oil per day in 2030 or major climate change initiatives are implemented to drastically reduce the amount of CO 2 being emitted? In these cases, additional government policy is called for to further increase the usage of renewable energy. One approach to increasing the usage of renewable The technology currently exists to make each one of these wedges operational. The efficiency category contains four wedges (raise the fuel economy of 2 billion cars from 30 mpg to 60 mpg, reduce the average number of miles travelled from 10,000 to 5,000, increase efficiency in heating, cooling, lighting, and appliances by 25%, increase coal-fired power plant efficiency from 40% to 60%). The fuel switching category has one wedge (replace 1400 coal fired electric plants with natural gas-powered facilities). The carbon capture and storage category has three wedges (introduce carbon capture and storage at 800 large coalfired plants or 1,600 natural gas-fired plants, use carbon capture in carbon derived hydrogen plants, use carbon capture in carbon derived synthetic fuels plants). The nuclear category has one wedge (double the current global nuclear energy capacity). The wind category has one wedge (increase wind electricity capacity by 15 times relative to today for a total of 2 million windmills). The solar category has two wedges (install 350 times the current capacity of solar electricity, use 40,000 square kilometers of solar panels to produce hydrogen for fuel cell powered cars). The biomass fuels category has one wedge (increase ethanol production by 15 times by creating biomass plantations with area equal to 1/6 of world cropland). The natural sinks category has two wedges (eliminate tropical deforestation, adopt conservation tillage practices in all agricultural worldwide). According to the CMI calculations, global carbon emissions from burning fossil fuels are currently around 8 billion metric tons a year. They identify three possible paths for carbon emissions. Path one is to continue along the same current business as usual trend line for carbon emissions. Following this path results in a projected 16 billion metric tons of carbon dioxide being released into the atmosphere from burning fossil fuels in 2057. In 2057, carbon dioxide emissions would reach 800 ppm and average global temperatures would rise 9°F. Path two is designed to hold carbon emissions from fossil fuels at today's rate of 8 billion metric tons per year. This means that 8 wedges have to be cut by 2057. Further cuts are required after 2057. In 2057, this path leads to a carbon concentration of 525 ppm and an average global temperature increase of 5.4°F. The third option calls for a reduction in emissions below the present value. A total of 12 wedges are cut. In 2057, this path leads to a carbon concentration of 450 ppm and an average global temperature increase of 3.6°F. One of the real advantages of the carbon wedge stabilization concept is that each wedge represents a reduction in carbon dioxide emissions of one billion metric tons and that the technology currently exists to make each wedge fully operational. Many approaches to increasing the usage of renewable energy and reducing the usage of fossil fuels advocate taxing fossil fuels and subsidizing renewables and in doing so create incentives to shift consumption form fossil fuels to renewables. Another approach is to focus on energy security and create industrial policy to reduce the dependence on oil.
Some, like Lovins et al (2004) have already laid out a viable road map for how, by 2050, the United States economy can be flourishing with no oil at all. They advocate investing $180 billion over the next decade to eliminate U.S. oil dependence. The U.S. current imports approximately 66% of the oil consumed on a daily basis. Rather than spending money on importing oil, investments can be made to lessen and gradually eliminate the dependence on imported oil. In their calculations, this investment will result in a gross savings of $130 billion. They advocate using a four step approach that relies on creative destruction to revitalize the energy sector. First, oil efficiency must be doubled by using advanced but proven technologies to design and build ultralight vehicles. Second, business and public policies must be developed to accelerate the design and manufacturing of light weight materials, like carbon-fiber composites, that can be used in buildings, vehicles, heavy trucks and airplanes. Third, petroleum products must be replaced with biofuels. Fourth, increase efficiency in the natural gas sector to save half the projected 2025 use of natural gas. These savings will mean more natural gas can be used to make hydrogen and this will provide a convenient secure path to the hydrogen economy. While this four step plan is specifically designed for the United States, there is no reason why parts or all of this strategy could not be adopted in other countries.
Conclusions
This paper develops and estimates a VAR model of renewable energy consumption, income, oil consumption, and real oil prices in order to investigate the dynamic interaction between these variables. The model is estimated using global data over the period 1980-2008. The VAR model fits the data well. The results from impulse response functions show that positive shocks to income or oil consumption increase renewable energy consumption. Shocks to real oil prices have little impact on renewable energy consumption. One of the important policy implications of these results is that government policy at the national and international level aimed at increasing income is good for increasing renewable energy consumption. Examples of good government policies that can increase income and wealth generation include stable and well designed monetary and fiscal policy, well functioning labour markets, policies that focus on increasing innovation and productivity, and an economic landscape free of corruption and rent seeking. While these policies need to be enacted at the national level, international organizations like the IMF, World Bank, and United Nations need to promote the benefits of sound economic and environmental policies to their member countries. If other issues like climate change, resource security, or resource depletion become major constraining factors, then additional government policy is called for to further increase the usage of renewable energy. Government can tax fossil fuels and subsidize renewable energy. In particular government can provide subsidies in the form of R&D credits, low cost loans, and production tax credits to speed the development and roll out of renewable energy products. Government can provide renewable portfolio standards and subsidies to consumers and early adopters of new renewable energy products. Government can also create new energy efficiency and carbon-fiber composites industrial policy designed to lessen the dependence on oil. This new industrial policy would increase energy efficiency by using new existing technologies to design and build ultralight vehicles and to accelerate the design and manufacturing of light weight materials, like carbon-fiber composites, that can be used in buildings, vehicles, heavy trucks and airplanes.
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